Introduction

41
The most representative phenolic compound in virgin olive oil, hydroxytyrosol 42 (HT), plays and important role in the prevention of degenerative diseases [1] [2] . Explicitly, it 43 is involved in the reduction of LDL oxidation, a well-known cardiovascular risk factor . Additionally, there is evidence that olive oil 47 phenolic compounds decrease plasma glucose levels in rats [8] [9] . HT can be efficiently 48 recovered from olive by-products, which has prompted the study of the biological and 49 health effects of HT from alperujo 8, 10 or olive leaves.
9, 11 50
On the other hand, the food industry demands new lipophilic antioxidants to 51 preserve fats and oils against autoxidation. Two series of hydrophobic derivatives of HT, 52 hydroxytyrosyl esters 12 and hydroxytyrosyl ethers 13 , have been synthesized. 53
Hydroxytyrosyl acetate (HT-Ac) merits special interest among hydroxytyrosyl esters, 54 since it is an antioxidant naturally present in virgin olive oil 14 that is transported across 55 exsanguination under general anesthesia (isoflurane 2%). Plasma and serum fractions were 116 separated by centrifugation (10 minutes at 2500 g) using pretreated EDTA or Silica Act Cot 117
Activator blood collection tubes (BD Vacutainer, Plymouth, UK) respectively, and stored at -118 20ºC until further analysis. Liver, kidney, heart and adipose tissue from retroperitoneal and 119 epididymal areas were collected, weighed and washed in ice-cold phosphate buffered saline. 120
Samples were immediately frozen in liquid nitrogen and stored at -80ºC until analysis. The 121 study protocol was approved by the Institutional Animal Ethics Committee of La Paz 122
University Hospital (Madrid, Spain) and procedures were performed in accordance with 123
Spanish law for the protection of experimental animals and other research purposes ( 
immunoassay. 153
A sample of white adipose tissue from the retroperitoneal area (0.2g) was collected 154 and homogenized (1:3.5 w/v) in PBS (pH 7.4) with Triton X-100 and protease inhibitor by 155 low temperature sonication (17 microns, 3 consecutive pulses of 15 seconds at 30 seconds 156 intervals). After centrifugation (5000rpm, 10min, 4ºC), the lipid layer was removed and 157 supernatants were collected for adipokine determination. The concentration of leptin, 158 interleukin-1β (IL-1β), interleukin-6 (IL-6), tumour necrosis factor-α (TNF-α), monocyte 159 chemoattractant protein-1 (MCP-1) and plasminogen activator inhibitor-1 (PAI-1) in the 160 retroperitoneal adipose tissue were determined using a Rat Adipocyte Multiplex Kits 161 (RADPCYT-82K Milliplex Map Kit, Rat Adipocyte Panel, Millipore, Billerica, MA, US).
profiling panels were used according to manufacturer's instructions and analysed on a 166 LuminexLX200 Analyzer. Data were analysed using the 3. 1 HT-Et) presented a daily caloric excess of approximately 2 Kcal/day. However, this did not 187 induce significant differences in the body weight gain compared with the control animals, as 188 can be seen in Table 2. 300g, the daily phenolic compound intake was 25mg/kg body weight/day. This is a relatively 191 low dose, comparable with doses used in some other studies [8] [9] [10] [11] and within a range proven to 192 elicit no toxic effects in rats. Accordingly, no pathologic alterations or behaviours were 193 observed in the animals during the study. Organs, including kidney or heart among others, 194 presented normal appearance by gross observation. However, livers in animals fed the 195 cholesterol-rich diets showed a whitish appearance compared with the C group, suggestive of 196 fat accumulation, being significantly heavier than those of the C group (Table 2) 
Biochemical parameters and hormones involved in energy homeostasis 212
The high-cholesterol diet used in the present study induced a significant increase in 213 glucose levels in the Chol group compared to control animals (p<0.05). All the testedTriglycerides concentrations were similar in all groups, although phenolic 217 compounds supplementation induced a moderate yet non-significant decrease. No differences 218
were observed in plasma concentrations of free fatty acids, whereas creatinine concentrations 219 were statistically higher in Chol and HT groups, compared to C, HT-Ac and HT-Et groups 220 (Table 3) . 221
After consuming the high-cholesterol diet for 8 weeks significant differences in 222 plasma insulin and leptin concentrations were observed in Chol compared to C group. 223
However, rats consuming diets supplemented with HT and HT-Ac had significantly lower 224 plasma insulin levels than Chol, decreasing to control or even lower values as in the HT-Ac 225 group (Table 3) (Table 4) , analysed using the ORAC assay, was lower insignificantly higher than C animals in serum and liver (p<0.05). Supplementation with any of 240 the studied phenolic compounds decreased MDA levels to control values in serum (Table 4) . 241
However, although the three phenolic compounds-supplemented groups showed lower 242 hepatic MDA levels than Chol group, differences were statistically significant only in the 243
HT-Et group (p<0.05) ( Table 4) . 244
Consuming the cholesterol-rich diet significantly increased the pro-inflammatory 245 cytokine TNFα plasma concentrations compared to C group, effect that was totally 246 counteracted by the three phenolic compounds (Table 4) . A similar response was observed 247
with IL-1β, with increased values in the Chol group returning to control levels in the HT, HT-248
Ac and HT-Et animals, although differences did not reach the level of statistical significance 249 (Table 4) . Plasma IL-6 was not affected by the cholesterol-rich diets or the phenolic 250 supplementation. 251
Cytokine concentrations in the visceral adipose tissue from retroperitoneal area of the 252 rats in the Chol group were similar to those in C group. TNFα and IL-6 concentrations were 253 unchanged in all the experimental groups; however, IL-1β concentrations were lower in HT-254
Ac and HT-Et groups. Accordingly, MCP-1 showed significantly lower concentrations in 255
HT-Ac and HT-Et groups compared to C group (Table 4) . PAI-1 concentrations showed 256 similar tendency, but differences did not reach statistical significance. 257 Comparing the Chol and C groups, the high-cholesterol diet induced a significant increase in 282 glucose, creatinine, insulin and leptin plasma concentrations. In addition, Chol 283 hypercholesterolemic animals presented higher liver weights than C animals and the adipose 284 depots were mainly distributed in the retroperitoneal area. Interestingly, the diets 285 supplemented with phenolic compounds counteracted the glucose and insulin increase, 286 particularly HT and HT-Ac. This outcome is in accordance with previous studies showing 287 that HT and other olive oil phenolic compounds reduce plasma glucose concentration inalloxan-diabetic rats 8-9 by means of alleviating oxidative stress and free radicals as well as 289 enhancing enzymatic defences. A recent paper evidenced the capacity of oleuropein aglycone 290 in the prevention of cytotoxic amyloid aggregation of human amylin, a hallmark of Type-II 291 diabetes 33 . In accordance, the PREDIMED study showed that consuming a virgin olive oil-292 enriched traditional Mediterranean diet for three months decreased total and LDL cholesterol 293 together with plasma glucose in asymptomatic high cardiovascular-risk patients, although no 294 changes were observed in insulin levels 34 . In line with these results, a significant decrease of 295 glycaemia related to a long term daily intake of a virgin olive oil rich in phenolic compounds 296 was observed in healthy young subjects 35 . HT-Ac also maintained plasma leptin at 297 concentrations similar to those in the C group, while this effect was more discrete in the case 298 of HT and HT-Et. Similarly, in rats that consumed the diet supplemented with HT-Ac and 299
HT-Et creatinine concentrations were restored to control levels, but not with HT. The renal 300 protective effect of olive phenols reducing creatinine levels has already been described in 301 diabetic rats 8 . 302
The retroperitoneal/epididymal fat ratio provides information about adipose tissue 303 distribution, being directly proportional to the abdominal fat accumulation. Both 304 retroperitoneal and epididymal adipose depots are considered visceral fat associated with 305 higher levels of inflammation and lipolysis than subcutaneous fat, having been related with 306 insulin resistance 36 . The retroperitoneal adipose depots in rats could be related to abdominal 307 adiposity in humans since they are located inside the peritoneum attached to the dorsal area 308 of the abdomen, whereas epididymal adipose tissue would correspond to gonadal fat, which 309 exists in mice and rats but not in humans. The groups supplemented with the lipophilic 310 compounds (HT-Ac and HT-Et) moderately improved the retroperitoneal/epididymal fat ratio 311 compared to Chol group, whereas the group that consumed HT did not show changes. Our 312 results are in agreement with the reduction in abdominal fat deposition described in ametabolic syndrome animal model that consumed a diet supplemented with an olive leaf 314 extract rich in HT 37 . 315
Metabolic disturbance which includes hyperlipidaemia, hyperglycaemia and 316 hyperinsulinemia often involves chronic inflammation and oxidative stress 2, 8, 11 . Therefore, 317 redox status and inflammatory biomarkers were analyzed in plasma in order to understand 318 the potential mechanisms underlying the effects of the studied phenolic compounds. 319
Although the possible health implications related to MDA changes remain unknown, in this 320 study elevated systemic MDA concentrations were observed in the Chol group, suggesting a 321 marked oxidative stress in these animals that was counteracted by the consumption of the 322 phenolic compounds. Moreover, the serum antioxidant capacity of animals consuming the 323 phenolic compounds was higher than in the Chol group, particularly HT and HT-Ac. 324 However, at the hepatic level phenolic compounds supplementation did not decrease MDA 325 levels to control values although hepatic peroxidation was reduced in all cases, especially in 326 the HT-Et group (Table 4) . It is noteworthy that the studied phenolic compounds follow 327 different metabolic pathways when ingested.HT-Ac is extensively hydrolysed into free HT, 328 whereas HT-Et remains unaltered, yielding more lipophilic metabolites than those generated 329 after HT and HT-Ac hepatic metabolism 15, 20 . This would result in higher HT-Et 330 bioaccumulation in hepatic tissue, conferring higher protection against oxidation than HT and 331 HT-Ac metabolites. 332
The protective role of olive oil phenolic compounds against oxidative damage is 333 well established and has been reviewed recently 1 . The antioxidant and free radical 334 scavenging capacity of olive oil phenols seem to be related to their anti-inflammatory effects, 335 which have been reported in different animal models 38, 39 . Gong, Geng, Jiang, Cao, 336
Yoshimura&Zhong 40 showed the capacity of HT to decrease the pro-inflammatory cytokines 337 induced acute inflammation and hyperalgesia in rats. Moreover, the role of olive oil phenols 339 reducing postprandial inflammatory response in obese subjects has been recently attributed to 340 the inhibition of NF-κB, which is an important link between oxidation and inflammation in 341 the postprandial state 41 . In the present study, diets supplemented with HT, HT-Ac and HT-Et 342 had anti-inflammatory effects decreasing plasma TNFα in rats fed cholesterol-rich diet. Table 2 . Body and tissue weights of rats in the control group (C), the group consuming the non-supplemented cholesterol-rich diet (Chol) or the 1 cholesterol-rich diet supplemented with hydroxytyrosol (HT), hydroxytyrosyl acetate (HT-Ac) and ethyl hydroxytyrosyl ether (HT-Et). Data 2 represents the mean of 8 determinations ± SD*. Table 3 . Metabolic biomarkers in plasma and adipose tissue of rats in the control group (C), the group consuming the un-supplemented 8 cholesterol-rich diet (Chol) or the group fed the cholesterol-rich diet supplemented with hydroxytyrosol (HT), hydroxytyrosyl acetate (HT-Ac) 9
and ethyl hydroxytyrosyl ether (HT-Et). Data represents the means of eight determinations ± SD*. 10 11
Standard diet
Hypercholesterolemic diet Table 4 . Redox status and inflammatory biomarkers in plasma and adipose tissue of rats fed the control diet (C), the un-supplemented 17 cholesterol-rich diet (Chol) and the cholesterol-rich diet supplemented with hydroxytyrosol (HT), hydroxytyrosyl acetate (HT-Ac) and ethyl
